In this report, we present a case in which good results were achieved by treatment using a free jejunal patch graft with virtual endoscopy (VE) assistance in a patient whose swallowing had failed to improve for 40 years after he mistakenly swallowed sulfuric acid, despite pectoralis major myocutaneous flap grafting and frequent balloon dilatation surgery. During the last 20 years, virtual computed tomography imaging has improved remarkably and continues to be used to address new challenges. For reconstructive surgeons, the greatest advantage of VE is that it is a noninvasive modality capable of visualizing areas inaccessible to a flexible endoscope. Using VE findings, we were able to visualize the 3-dimensional shape beyond the stenosis. VE can also help predict the area of the defect after contracture release.
INTRODUCTION
During the last 20 years, virtual computed tomography (CT) imaging has improved remarkably and continues to be used to address new challenges. Vining et al. [1] first reported the relationships of virtual endobronchial simulations to actual bronchoscopic findings. Initially, this virtual endoscopy (VE) technique was considered to be useful for prebronchoscopy planning, endoscopy training, and/or endobronchial therapy and research. The usefulness of VE for esophageal atresia and tracheal stenosis in neonates, infants, and children was reported [2] . Gradually, VE has entered into use not only for the identification of stenotic sites, but also for the diagnosis of various esophageal pathologic conditions [3] , and its use for staging T and N parameters of esophageal cancer has been evaluated [4] .
Since the report of Seidenberg et al. [5] , pharyngoesophageal defects have been reconstructed using jejunal transfer, especially in patients in whom a gastric tube cannot be placed. Free jejunal transfer is the preferred option for hypopharyngeal or esophageal defects. For reconstruction after partial hypopharyngectomy with laryngeal preservation, the use of a free jejunal patch graft (FJPG) [6] has been widely accepted as the method of first choice [7, 8] . In this report, we present a case in which we obtained good results by using an FJPG with VE assistance to treat a patient whose swallowing had failed to improve for 40 years after he mistakenly swallowed sulfuric acid, despite pectoralis major myocutaneous (PMMC) flap grafting and frequent balloon dilatation surgery.
Reconstruction of esophageal stenosis that had persisted for 40 years using a free jejunal patch graft with virtual endoscopy assistance . He also underwent periodic endoscopic esophageal dilatation thereafter (up to five times per year). He was referred from the department of surgery to the department of plastic surgery in May 2016. On examination, there was a surgical scar on his neck, and a scar where the right PMMC flap had been harvested. There was also a scar in the center of his abdomen from the first operation, as shown in Fig. 1 . He complained of extreme difficulty in swallowing, leading him to squeeze his neck manually to pass food. Endoscopic examination by an otolaryngologist showed no major problems in his larynx, and it was considered that the food that he consumed entered the gastric tube via the PMMC flap from the right piriform sinus. It was impossible to advance the endoscope Surgical scars are seen on the patient's neck, chest, and abdomen.
Fig. 1. Preoperative view
forward due to the severe stenosis. Three-dimensional multidetector CT (MDCT) and VE were performed. MDCT was performed using a 64-slice CT apparatus (Aquilion 64; Toshiba Medical Systems Corp., Otawara, Japan). The technical parameters were 120 kVp, 150 mA, collimation of 64 × 0.5, a rotation time of 0.5, a slice thickness of 1 mm, and an increment of 1 mm. On VE, the stenosis was about 2-3 cm in length. A contrast swallowing examination also showed a similar result, as shown in Fig. 2 . Based on the VE findings, we decided to utilize a patch graft, for which we expected that the luminal mucosa could be used to some extent. Thus, surgery was planned to release the stenosis and replace it with a FJPG. In August 2016, a joint operation took place. A U-shaped skin incision was made in the neck. The transplanted right PMMC flap was dissected. Using a nerve-stimulating device, peeling of the flap and esophageal stricture was performed. Ultimately, the PMMC flap was excised, and the leftover epithelium remained in the lumen. As shown in the preoperative VE image of the right piriform sinus, pinhole-like stenosis was observed.
The stenosis was incised and expanded sufficiently with fin- gers on both the cephalad and caudal sides. The right piriform sinus remained only on the left wall (inner wall), and it was decided to reconstruct the three sides of the front, the rear, and the outer walls with a FJPG. The defect length was about 5 cm, in a spindle shape. The harvested jejunum was split in the longitudinal direction, and was divided into a patch graft and a monitoring segment. The FJPG was transferred in a 90°-transposed fashion. The third jejunal artery and the right transverse cervical artery were end-to-end anastomosed with 9-0 nylon sutures. The third jejunal vein and the right internal jugular vein were end-to-side anastomosed with 9-0 nylon sutures. The flap survived completely. Videofluorography was performed at 3 months postoperatively, and good passage was confirmed, as well as at 2 years postoperatively. There were no complications, such as an abdominal wall hernia. The patient was able to enjoy meals and his body weight increased by 10 kg. Upper gastrointestinal endoscopy was performed at 2 years and 3 months after surgery. Superficial gastritis was found in only a part of the gastric tube, and no evidence of stricture or cancer was seen, as shown in Fig. 3 .
DISCUSSION
As a means of evaluating mucosa in the acute phase of chemical injury, CT is more frequently used than endoscopy because it is less invasive. High-resolution MDCT is useful for evaluating the depth of mucosal damage [9] . Endoscopic dilatation for esophageal stenosis is recommended at least 4 weeks after the acute phase and when there is clear evidence of stricture formation [10] . However, compared with other benign diseases, stenosis due to chemical injury has a high risk of perforation; dilatation must therefore be done carefully, and its success rate is as low as 50% [11] . In the present case, it was inferred that the stomach tissue used for reconstruction had also been damaged by the chemical injury, with no improvement even after frequent dilatation and a subsequent PMMC flap.
During the last 20 years, virtual CT imaging has improved remarkably and continues to be used to address new challenges. For reconstructive surgeons, the greatest advantage of VE is that it is a noninvasive modality capable of visualizing areas inaccessible to a flexible endoscope. Using the VE findings, we were able to visualize the 3-dimensional shape beyond the stenosis. In addition, VE helped to predict the area of the defect after contracture release. While VE has several advantages, some limitations and pitfalls of VE have been reported. VE lacks the realtime capability of endoscopy, and it is prone to respiratory variations; airway patency may appear falsely compromised compared with the actual data [12] . Lower threshold values may falsely increase the apparent extent of stenosis, and, conversely, higher thresholds may erroneously indicate a mucosal gap [13] . On preoperative imaging in the present case, the stenosis in the vicinity of the piriform sinus was severe and extended for 2-3 cm. In general, free jejunal (tube) transfer is often chosen. However, in this case, there was a risk of damaging the recurrent nerve due to the effects of multiple surgical operations in the past. Compared with a whole jejunal segment, a patch graft is considered to pose a lower risk of nerve injury due to its narrower peeling range. Based on the VE findings, we selected a patch graft, for which we expected that the luminal mucosa could be used to some extent. Thus, a patch graft was chosen based on the VE findings.
Conventionally, a FJPG is transferred in an isoperistaltic fashion, and pooling of food is thus occasionally seen because of the peristaltic contraction and circular folds of the jejunum. Okazaki et al. [8] reported that a 90°-transposed FJPG could overcome this disadvantage. On a videofluorographic study, pooling of 
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contrast medium was not seen on postoperative day 10, and oral intake was achieved 6 days earlier than with a conventional FJPG. The patient complained of no discomfort associated with the use of a 90°-transposed FJPG. A limitation of FJPG transfer is that it is not indicated for defects extending to the supraglottic region because of its minimal plasticity [14] . Barrett's esophagus and cancer have been reported to occur an average of 41 years after chemical damage [15] , indicating that long-term follow-up is necessary.
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